The theme ofthis book is that a universe comes into being when a space is severed or taken apart. The skin of a living organism cuts off an outside from an inside. So does the circumference of a circle in a plane. By tracing the way we represent such a severance, we can begin to reconstruct, with an accuracy and coverage that appear almost uncanny, the basic forms underlying linguistic, mathematical, physical, and biological science, and can begin to see how the familiar laws of our own experience follow inexorably from the original act of severance. "
O ver the past decade, spiraling health care expenditures have led to the development of "managed care" organizations whose primary purpose is medical cost control. This single overarching purpose has resulted in a rationing of patient access to health care providers and a ratcheting down on perceived inefficiencies and waste. One response to managed care has been a dramatic restructuring of the health care providers themselves in a manner resembling the corporate mergers of the 1980s. Concomitant with this restructuring has been a paradigmatic shift from a focus on disease to a focus on wellness and prevention, a shift from emphasizing cure to emphasizing care. It is an axiomatic truth that it is less costly to maintain an empty hospital bed than a full one.
Not unexpectedly, this relentless emphasis on the bottom line has prompted outcries from the established medical community.' Academic medical centres, with their highly specialized departmental structures and expensive educational and research commitments, are increasingly forced to compete for patients with community hospitals and the practitioners they train.i-' In this vulnerable and seemingly hostile environment, clinical subspecialties, such as dermatology, with their narrow disease focus and dependence upon patient referrals, are understandably threatened and increasingly anxious.r" Even more painful is the realization that dermatology, like its object of study-the skin-is often trivialized and relegated to a nonessential role in the health care delivery system. Change is difficult.
It is the contention of this paper, however, that times could not be brighter for the general field of skin science. It is contended, in fact, that a broad, proactive, and more fiscally accurate view of the skin is needed and is possible. Such a view posits the skin as a critical interface for the delivery of health care and places skin science at the vanguard of change in the current managed care marketplace. The realization of this view, however, will entail a restructuring of most dermatology training programs as well as a revision of medical school curricula in general. In summary, the perspective advanced in this paper posits the skin as a primary care interface and the academic dermatologist as a scientific and clinical expert in the theory and practice of skin-based primary care.
Areas of Concern
At the risk of making unpopular statements, we offer the following observations on the state of skin science and, more particularly, on the status of academic dermatology in North America.
Primary versus Subspecialty Care
Dermatologists are rarely the primary admitting physicians in health care environments. This contrasts with other countries, such as Germany, where dermatologists admit and care for the whole patient with a secondary focus on the skin (Manige Fartasch, University of Erlangen, Germany, personal communication). Historically, treatment of the patient in a nonspeciality capacity has been fundamental to dermatology. As Pusey states in The History of Dermatology/ "From... early antiquity to very recent times, dermatology has been a part, and a very conspicuous part, of general medicine." Over time, diseases with primary cutaneous manifestations have either remained central to clinical dermatology (e.g., psoriasis, warts, and acne) or migrated to other fields (e.g., venereal diseases to gynecology or internal medicine, and collagen vascular diseases to rheumatology). Still other conditions occupy a kind of "no man's land" between disciplines (e.g., melanoma and cosmetic defects). In all cases, the increasing relegation of dermatology to a consulting or specialist role creates a high degree of vulnerability within the current managed care milieu. Moreover, given a limited or shrinking patient base, this situation fosters inevitable competition among clinical disciplines and threatens the survival of nonessential academic subspecialities.
Umitations of a Disease Focus
In addition to specific disease conditions, dermatology has given over large blocks of critically important, skin-based functions to other health care professionals such as nursing. We believe that the failure to maintain an interactive leadership role in this area, in particular, accounts in large part for the peripheral position of dermatology today. As a partiallist we cite routine wound care practices, skin-based monitoring in intensive care environments, application of adhesives to the skin, actions of soaps and surfactants, use of osteomy products, interactions of the skin with textiles and laundry products, blood drawing, and topical pain relief, understanding of the skin as a psychological boundary, etc. Given the traditionally narrow disease focus of dermatology, the concept of the skin as a primary care interface is difficult to appreciate for most clinicians. Moreover, due to the lack of an academic (medical) advocate in the health care arena, such a concept is fiscally invisible in the current procedure -and disease-based reimbursement system.
Wellness and Complexity
The restriction of dermatology training programs to a "disease focus" is particularly unfortunate given that the skin is in many ways an ultra-efficient organ that can be highly exploited for disease prevention and health maintenance. A focus on wellness, rather than on disease, however, requires a holistic approach. In general, with few exceptions, such as programs for increased sun awareness, integrative approaches are not widely promulgated in most academic dermatology training programs. Integrative or holistic medicine, in particular, despite its deep empirical roots, is still considered nontraditional and unproven by most academic clinicians. The past few years, however, have witnessed a surge of interest in alternative and complementary medicine.f Skin scientists, we believe, should be actively pursuing the connection between the molecular and cellular bases of biological boundaries, such as the skin, and the multiple alternative therapies that interact with this boundary (e.g., acupuncture and massage therapy, to name only a few). We are not underestimating the difficulty of this endeavour. We are simply pointing out that, within one's professional scientific field, complexity should be recognized and accepted, not avoided. The recent development of novel fields, such as psychodermatology and neuropsychoimmunology, are a portent of the changing tide.
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Bioinstrumentation and theSkin
The avoidance of complexity and the failure to establish quantitative standards is particularly evident in the field of bioinstrumental measurement of the skin. Methodologically, with the exception of Kligman, Maibach, and a handful of others, academic dermatology has been slow to utilize bioinstrumental techniques to quantify its object of interest. This is peculiar given the accessibility of the skin and the major advances in clinical practice that have been achieved through instrumentation in other areas of medicine such as cardiology and radiology. There is now widespread availability of methods to measure skin hydration, acidity, viscoelasticity, blood flow, surface optical reflectance, and many other properties," Along these lines, how many North American training programs emphasize skin ultrasound or transdermal drug delivery?
Championing of Appearance (Aesthetics)
Historically, dermatology has not championed the important connection between the skin and "appearance," despite the fact that appearance is critical to biological functions as diverse as predator-prey relations, sexual attraction, and racial distinctions. Instead, academic dermatology has tended to side with its medical colleagues (the internists) and viewed issues of appearance and aesthetics as "superficial" in the context of "trivial" or "unimportant." Consequently, dermatology training programs have shied away from placing intellectual emphasis on skin cosmetics or cosmeceuticals. Recent programmatic interest in these areas seems prompted more by a desire to provide a reimbursable service in a competitive marketplace than any compelling, scientific motive. In our view, the failure to champion the importance of appearance is illogical and points to a misunderstanding of the limits of knowledge and the bounds of complexity. To avoid pseudoscience and market hype, academic dermatologists must recognize and accept the complexity of their chosen interface, the skin. In physics, for example, it is much more difficult to describe the surface properties of matter than its interior or bulk characteristics. As the saying goes, "the Devil made the surface." This is not surprising. Surfaces are the sites where matter couples to an unpredictable environment. Is this less likely to be the case for the surface of the human organism?
Dermatology and Other Scientific Disciplines
Academic dermatology may be defined generally as the medical field that is most concerned with the advancement of skin science. This field, however, has been singularly slow to develop interfaces with related, nonmedical, scientific disciplines that would benefit from the inclusion of the "skin" in their spectrum of applications (e.g., materials engineering, sensor technology, information processing, autopoietic theory, perceptual psychology, and aesthetics). More surprising is the fact that dermatology has not forged connections with the many health care fields that directly involve interactions with the skin in the delivery of primary care to the consumer. These fields are numerous and include, among others, nursing, anesthesia, physical therapy, occupational therapy, and therapeutic massage. We believe it is the proper task of the academic dermatologist to distinguish and, where possible, to facilitate these different disciplines as they impact the physiology and pathology of the skin. Academic dermatology is the only field that focuses solely on the skin as its primary object of scientific inquiry. It is the responsibility of dermatology, therefore, to define its own boundaries and, in the process, to define the boundaries of other, overlapping, and largely empirical disciplines as they relate to the skin.
Subjectivism and Competition in the Marketplace
Despite major advances in our understanding of the cellular and molecular bases of skin structure and function, clinical dermatologists still rely primarily on touch and vision (and the occasional biopsy) for most diagnoses and treatment. In making this statement, we in no way denigrate the important skill of pattern recognition in clinical dermatology or its counterpart, dermatopathology. The point is that, in clinical dermatology, the reliance on "subjective" assessment means that anyone in any medical discipline or field of alternative medicine can claim equal competence. Against this claim, the clinical dermatologist (i.e., the certified skin expert specially trained as an integrative assessor of skin condition and function) has no quantitative, objectively reproducible, and completely nonsubjective defense. This situation, we suspect, must be extremely frustrating at times. To meet these difficulties, academic dermatologists must be clear on the unique position of the skin as an organ with both subjective and objective aspects.
Transition to the Future
The previous comments are intended as constructive criticism. Academic dermatology is an area the authors find rich and extraordinarily fascinating. We believe it is ripe with opportunity for scientific investigation and in-depth collaboration with a variety of disciplines. We claim, however, that the current focus of academic dermatology is too constrained, too traditional, and, in fact, sheds little light on the actual role of the skin in biology and medicine. To illustrate this claim, we highlight the most superficial and obvious structure in dermatology, the human stratum corneum. In order to appreciate the complexity and nontrivial nature of the stratum corneum, a paradigm shift is required. The new paradigm is based on a cognitive and perceptual viewpoint that sees this superficial structure as a dynamic, vibrant, and interactive boundary. This boundary, inturn, marks the extent of operations of a selfgenerating (autopoietic) system. If such a paradigm applies to the stratum corneum, why not for the skin as a whole?
The following points are organized in accord with the logical system set forth in George Spencer-Brown's book Laws ofForm. 10 We believe that the indicational calculus developed by Spencer-Brown is particularly well suited to investigating the role of the skin as an interactive boundary between the organism and the environment. However, it is important for our purposes to note that we do not claim any special logical or mathematical foundation~or.~ur view other than common sense. In its role as the limiting surface of the body, the stratum corneum simultaneously forms both the perceived surface of the observer and the biological boundary of the organism. In other words, the stratum corneum corresponds, in a simple but nontrivial manner, to the basic logical distinction between subject and object.
Molecular Biology and the Boundary of the Biological System
The past 40 years have seen a striking convergence of scientific interest on the structural domain of molecular biology. The discovery of a generative mechanism in matter for producing stable forms of increasing complexity has resulted in a plethora of powerful methods and analytical techniques. These methods have been applied in order to understand the transcriptional control of embryogenesis and other fundamental aspects of biology. Using these methods, major advances have been made in identifying the molecular constituents and the control mechanisms underlying epidermal barrier development in mammals. The laboratories of Steinert," Dale," Fuchs," and Elias'? are notable in this regard. Other investigators such as ROOp15 and Sundberg" have utilized the accessibility of the epidermis to study the connection between transgenic animals and natural (observed) mutations of the skin and hair.
The resulting body of knowledge has shed new light on the molecular dynamics of boundary structures such as the stratum corneum. The previous view of the stratum corneum as an inert and inconsequential structure has given way gradually to the recognition that this layer is a highly organized and adaptive biofilm. A recent Gordon Conference on "Barrier Function of Mammalian Skin" conducted a debate on the topic "Is the stratum corneum dead or alive?"?" This topic has commercial as well as scientific and philosophical interest. The view of the stratum corneum as an inert, dead, superficial skin layer (as opposed to a dynamic and interactive interface) minimizes regulatory guidelines for topical product development and the use of "cosmeceuticals."
The Biological
System Figure 1 The boundary of a structure-determined (autopoietic) system.
These issues reflect the need for a better understanding of the boundaries of structure-determined systems (Fig. 1 ). Such boundaries are the product of gene-based mechanisms. The perception of such boundaries, however, cannot be explained soley on a molecular basis (vide infra). In other words, to fully elucidate the boundary of a biological system, we cannot adopt the convenient fiction of an observer-independent reality. More particularly, when approaching the skin from the perspective of the scientist, as observer, perception is unavoidable.
The Biological System and the Observer
In the 1960s, von Foerster incorporated the notion of the "observer" into the classic model of cybernetic feedback." Maturana and Varela built upon the establishment of second-order cybernetics by von Foerster and elaborated the basic principles of self-organizingor self-generating(autopoietic) systems." According to Maturana and Varela, phenomena belong to one of two domains (i.e., they belong either to the biological system or to the observer). Cognition, language, perception, and behaviour belong to the domain of the observer. The nervous system, on the other hand, belongs to the biological domain. The nervous system is entirely self-contained, self-referring, and independent of environmental perturbations.
The view of the nervous system as organizationally closed has major implications for the concept of information transfer. According to this view, organisms are "informed" because they are structurally coupled to their environments, not because any particular message is transferred. This perspective de-emphasizes the idea of a representationalist function for the nervous system and highlights the importance of structures such as the skin that couple sensory and motor functions. In this view, the stratum corneum, as the ultimate boundary of the organism, has a dual role. First, it serves to structurally couple the organism to its environment. Second, due to its ability to mediate sensory and motor functions, it acts to organizationally Skin Science and Future of Dermatology / Hoath et al . 5 close the nervous system. The nervous system, in other words, never touches the environment except by means of intermediary structures located at the boundary of the organism. This view of the stratum corneum as a sensorimotor interface is important for understanding innovative approaches to skin-nervous system interactions, as put forth by Ansel et al.20 To put the matter another way, in investigatingthe complex coupling mechanism between the biological system and the observer (Fig. 2) , superficial interfacial structures, such as the stratum corneum, emerge as logical candidates to distinguish and explore. Such interfaces serve to delimit the two domains. It is an experiential fact that the stratum corneum marks the perceived surface of the body. Less obviously, such a surface defines the extent of operation of the system'ssensory and motor functioning. Linkage of these functions at the boundary is required for organizational closure of the nervous system. The stratum corneum is the continually produced boundary of an autopoietic system, and, as such, it provides the physical means by which the organism is structurally coupled to its environment. Finally, focus on the stratum corneum as the ultimate extent of the autopoietic system allows the concept of an interrelational space to be defined.
The Interrelational Space
According to autopoietic theory, the two domains of the observer and the biological system correspond to the essential distinction between subject and object. For the investigation of most organ systems, such a distinction poses little confusion and the accepted scientific notion of an observerindependent reality is easily maintained. When the organ of interest is the skin, however, we are presented with a special case. The skin acts simultaneously as 1) a biological boundary structurally coupling the organism to its environment and 2) a perceptual boundary informing the extent of the interrelational space within which behaviour and perception are defined. The recognition that behaviour The Biological System [ournal of Cutaneous Medicine and Surgery / Volume 3, Number 1, 1998 Interface figure 4 The stratum corneum as an interface between the objec-.ivc hiological svstem and the subjective observer. . , • Focus of aesthetic surgery (the theory and practice of altenng appearance)
The Stratum Corneum as a Primary Care Interface
In the previous paragraphs, we have tried to define the skin and, more particularly, the stratum corneum without straying from the standpoint of common sense. Paradigm shifts are most powerful when they refer to a change in everyday perception. Specifically, we have advanced the idea that the stratum corneum, the most obvious biological structure in our human experience, is a logical candidate for the role of interface between the subjective observer and the objective biological system (Fig. 4) . No doubt, other investigators will prefer to distinguish some other structure or property. They will claim that we vastly overstate the importance of the stratum corneum, which is, after all, a superficial, loosely organized, and effete boundary structure. We welcome differing perspectives. We note that a major criterion of the success of our focus will be that, once distinguished, this interface is no longer"invisible." In other words, once the dual nature of the limiting surface is rendered clear and distinct, the importance of the stratum corneum as the boundary of an autopoietic system will be apparent. In the future, only those functions will be maintained in the managed care marketplace that are essential for health care delivery and consumer satisfaction. Table 1 lists a number of roles of the skin in the provision of primary health care. These functions are, in general, diseaseindependent. They are, nevertheless, absolutely essential for the delivery of high quality care in both hospital-based and home-based health care environments. The execution of these functions in a seamless and professional manner has a disproportionate impact on consumer satisfaction. The current diseaseand procedure-based reimbursement system, however, does not recognize these roles and, generally, health care systems capture reimbursement for these functions under the "room" or "bed" charge. Moreover, the provision of these functions falls largely within the domains of nondermatologic members of the health care team. We believe it is important for dermatology, as the medical field concerned with the clinical application of skin science in general, to define its relation to other disciplines that The BiologicaJ System and perception are distinguished in language and, hence, refer to the interrelarional space indicated by the arrows in Figure 3 is critical to approaching the stratum corneum (and the skin) in a coherent and logical manner. No doubt the interface between the biological system and the interrelational space is complex, plastic, and manifests multiple mechanisms for successful adaptation and structural coupling. The addition of cosmetics, tools, and clothing, to name only a few, greatly extends the boundary and affects adaptation both structurally and perceptually.
In dealing with such complexity, the choice of a simple and logical starting place is important. As noted previously, the skin and, more particularly, the stratum corneum mark the structural extent of the autopoietic system. Focus on the interface provides an elegant and common sense basis for linking the biological structure of the system with perception and language. (The general distinctions of inside-outside and self-nonself, for example, first make sense when referred to the boundary of the body. It is the stratum corneum, which is the most obvious and immediate marker of this primary boundary.)
Considered in this context, it is not surprising that both the brain and the stratum corneum share a common embryological origin (ectoderm) and remain linked throughout life in a recursive feedback-loop. Such feedback corroborates the concept, derived from materials engineering, that the stratum corneum is a "smart" material. Smart materials are strategically positioned as parts of larger functional systems, where they act in a seemingly intelligent or purposive manner. Such materials often possess sensing and actuating properties.i'v-Along these lines, piezoelectric and pyroelectric properties have been documented in the "dry" human epidermis.P that is, such tissue has the ability to convert a changing pressure or thermal field into an electrical response. These findings support the general view of the stratum corneum as a smart material interface that forms the ultimate boundary of an autopoietic system. 24 ,25 impact. the skin in health care delivery. On logical grounds, we believe that each of the functions outlined in Table 1 can be extended scientifically by adopting the concept of the outermost skin layer or stratum corneum as the outermost or "ultimate" primary care interface.
The Primary Care Interface and Organizational Efficiency in Health Care Systems
The definition of the stratum corneum as a primary care interface provides a high degree of visibility for the skin in general. These findings run the gamut from infection control to adhesive application to noninvasive monitoring and clinical evaluation. The recognition of the stratum corneum as an important aspect in primary care delivery attaches value to those disciplines that interact with and care for this boundary. The enhanced value and appreciation of such disciplines will promote organizational efficiency within a given health care system. These disciplines are integral health care servicesthat include, but are not limited to, nursing, phlebotomy, laundry, anesthesia, physical therapy, and environmental management.
At the opposite extreme, the relegation of the stratum corneum (and the skin) to an inconsequential position will trivialize those disciplines. Even worse, such attitudes run the danger of trivializing the patient himself and herself. As previously mentioned, the trivialization of this boundary is, in our opinion, scientifically illogical and tends to foster the impression that our knowledge base is more certain than it actually is. Recognition of the complexity and importance of a superficial structure such as the stratum corneum highlights the limits of our knowledge while simultaneously providing a defined surface for future investigation. No doubt, such investigations will present unique challenges. The stratum corneum is so complex, for example, that it cannot be understood without a reductionistic approach. On the other hand, its comfortable familiarity leads to psychological habituation and invisibility such that it cannot be "seen" without a holistic viewpoint.
Academic Dennatology and Curriculum Development
We have defined the clinical dermatologist as a certified skin expert specially trained as an integrative assessor of skin condition and function. The task of academic dermatology, in our view, is to train such experts with particular focus on the diseases and pathologic conditions affecting the skin. To understand the abnormal, however, one must first define the normal. This is not an easy task with respect to the skin. As a start, we suggest that the concept of the skin as a primary care interface is important for defining the purview of clinical dermatology. None of the functions listed in Table 1 , for example, form a major part of traditional medical school curricula. The unspoken belief that internal medicine is somehow more rigorous or scientific than the study of the boundary conditions of the human body is not well founded. In the end, the trivialization of the boundary is a self-fulfilling prophecy. Such a belief marginalizes its own adherents. To avoid this fate, academic Skin Science and Future of Dermatology / Hoath et al. 7 dermatology must become comfortable with the complexity of the skin and broaden its awareness, practice, and teaching to include the whole patient.
Conclusion
The aforementioned comments could be extended. The point is, there is more than ample opportunity for skin science within the context of managed care. The changes sweeping the academic health care environment are such that a new view of the skin as a dynamic interactive boundary is not only logical, but highly conducive to improved organizational efficiency. Academic dermatology has the opportunity to promote these changes and to champion a fresh perspective on the importance and relevance of the skin in biology and medicine. To accomplish these aims, academic dermatologists will need to broaden their perspective on the skin as a primary care interface. As thought-leaders, they must be clear on the unique position of the skin as an organ with both objective and subjective aspects. They must seek out collaborative partnerships with nursing and other professionals and define practice guidelines for skin care and product application. They must recognize, criticize, and accept those disciplines inside and outside of traditional health care organizations that provide services impacting the skin. Working effectively with other disciplines will be the key to promoting recognition of the many roles and functions of the skin in the delivery of optimum health care with high consumer satisfaction. Finally, academic dermatologists must work to establish the necessary curricula for the skin sciences in general and for the treatment of skin diseases in particular. Standing on an eroding peninsula and bemoaning the shiftingcurrents will not be helpful and c~uld be dangerous for the speciality as a whole.
